Phenoxyl radical-induced thiol-dependent generation of reactive oxygen species: implications for benzene toxicity.
Mechanisms of phenoxyl radical-induced generation of oxygen radicals potentially involved in toxicity of benzene were studied. We hypothesized that phenoxyl radical intermediates formed from phenolic metabolites of benzene by oxidative enzymes (e.g., peroxidases, tyrosinase) are able to damage biomolecules via (i) oxidation of low-molecular-weight thiols and protein thiols and (ii) thiol-dependent generation of oxygen radicals and subsequent oxidation of DNA. Phenoxyl radicals were generated by the oxidation of phenol by myeloperoxidase+H2O2, horseradish peroxidase+H2O2, or tyrosinase. The reaction of phenolphenoxyl radicals with GSH and dihydrolipoic acid was studied. Our HPLC measurements showed that both thiols reduced the phenoxyl radical back to phenol. This reaction was accompanied by the formation of thiyl radicals (detected by ESR as 5,5-dimethyl-1-pyrroline-N-oxide/glutathione thiyl radical spin adducts) and of superoxide radicals (measured by their chemiluminescence response in the presence of lucigenin). Hydroxylation of 2'-deoxyguanosine to 8-oxo-7,8-dihydro-2'-deoxyguanosine was demonstrated in the course of the tyrosinase-catalyzed oxidation of phenol in the presence of dihydrolipoic acid and Fe(III)-EDTA. Redox-cycling of phenoxyl radicals by thiols produces oxygen radicals which can be responsible for the oxidative damage of DNA by radical intermediates of benzene metabolism.